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ABSTRACT In this study, the effect of co-cultivation of lactic acid bacteria (Lactiplantibacillus plantarum 45MK-30,
Limosilactibacillus fermentum 29GT-19) and yeasts (Saccharomyces cerevisiae 06B-39, Kazachstania humilis KCO-60
and Pichia membranifaciens 11G-11) on the quality of sourdough bread was studied. Two different fermentation phases
were used (I and II) and bread making was carried out in the II phase of fermentation. Microbiological analysis, pH
and TTA values were checked in these two phases. While cell density and pH value of microorganisms were close
to each other in I phase fermentation, a decrease in these values was observed in II phase fermentation. When the
rheological analyzes of the doughs at the end of phase II are examined, all doughs exhibited lower elastic behavior. It
can be said that the textural feature of sourdough breads is softer compared to both controlled acidified (CA) bread
and non-sourdough (flat dough, CY) bread. Another parameter examined in breads was the evaluation of volatile
components by HS-GC / MS. It was observed that breads produced by co-cultivation had more volatile components
than plain dough bread.
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1. Introduction

Sourdough is a product formed by the mixture of flour
and water and fermented by lactic acid bacteria (LAB)
and yeasts. As a result of the mixture of microorganisms
in the sourdough culture, starch and sugars in the flour
are fermented to form CO;. This leads to the production
of aerated bread (Arendt et al., 2007; De Vuyst et al.,
2009; Winters et al., 2019). The microbial community
consisting of LAB and yeast is responsible for this fermen-
tation process (Vogel et al., 1999; Carbonetto et al., 2020).
Microbial diversity occurs in sourdough with the domi-
nance of LAB and yeast in sourdough (Akinola and Osun-
dahunsi, 2017; Akinola et al., 2020). It has been stated that
sourdough contains mainly organic acid producing LAB
and yeasts producing CO, and ethanol as by-products of
metabolism. Interactions between yeasts and LAB are
important for the metabolic activity of sourdough (Pouta-
nen et al., 2009; Akinola et al., 2020). Generally, LAB
produces metabolites for sourdough during fermentation.
Thanks to these metabolites produced, it contributes to the
quality of sourdough baked foods (Oshiro et al., 2021).
In addition to these properties, the metabolic activities
of LABs cause changes in gluten structure and affect the
texture of cooked foods as they produce acid. This acid
is produced during a change in the structure of gluten
which is a protein complex (Corsetti and Settanni, 2007;
Koehler and Wieser, 2013; Oshiro et al., 2021). Acetic
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acid shortens the gluten structure and makes it harder.
Lactic acid gradually creates a more elastic gluten struc-
ture (Corsetti and Settanni, 2007; Oshiro et al., 2021).
In addition, sourdough LABs are among the properties
known to contribute to the flavor and shelf life of the final
product (Génzle and Ripari, 2016; Oshiro et al., 2021).
Another point has been that some yeast strains produce
more flavor metabolites in the presence of LAB (Mal-
oney and Foy, 2003). Bringing the benefits of sourdough
fermentation and microbial diversity to traditional bread
production can play a role in making the bread healthier
(Fernandez-Peldez et al., 2020). Therefore, it is impor-
tant to understand the consequences of yeast and bacterial
strains. Also, their interactions within the co-culture must
occur during the fermentation stage (Winters et al., 2019).
The coexistence and interactions of yeast and LABs affect
ecosystem function and permanence. Understanding how
bacteria and yeast interact sheds light on both the ecol-
ogy and mechanisms of their interactions. It also enables
the development of new microbial starters for the food
industry (Carbonetto et al., 2020). The use of LAB and
yeasts in sourdough not only improves processing condi-
tions and product quality, but also provides accelerated
acidification, improved and more predictable fermentation
process, desirable sensory properties, and improved safety
and reduction of hygienic risks (Holzapfel, 2002; Arendt
et al., 2007; Sieuwerts et al., 2008; Olojede et al., 2020).

Today, sourdough is produced under controlled con-
ditions with selected LABs and yeasts (Sakandar et al.,
2019). It is known that the use of sourdough improves
the organoleptic quality. However, in some studies, it has
been stated that adding sourdough to bread formulation
has a positive or negative effect on flavor. In addition,
it was emphasized that volatile components caused by
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microbial activity in the fermentation process play a role
from the aroma in sourdough bread (Farahmand et al.,
2021).

Most previous sourdough fermentation studies con-
cerned with yeast species Saccharomyces cerevisiae and
there are no studies on the use of the combinations we
used in making sourdough. For this purpose, LAB and
yeasts isolated from sourdough were used as co-cultures
and the effects of the combination on dough and wheat
bread making were observed and the effects of different
phases of fermentation were examined. By evaluating the
effects of the resulting combination on bread quality, it
was aimed to lead both future studies and the bakery indus-
try. For this, the properties of sourdough bread prepared
by co-culture were assessed by texture profile analysis
(TPA). In addition, volatile compounds involved in the de-
termination of the sensory properties of sourdough breads
using gas chromatography GC / MS has been examined.
In addition, the rheological properties of sourdough were
another parameter determined.

2. Methods

2.1 Growth conditions of microorganisms

In this study, three yeast (Saccharomyces cerevisiae 06B-
39, Kazachstani humilis KCO-60 Pichia membranifaciens
11G-11) and two lactic acid bacteria (Lactiplantibacillus
plantarum 45MK-30 and Limosilactibacillus fermentum
29GT-19) isolated from conventional sourdough in Turkey
were used in combination. Lactic acid bacteria strains
were allowed to grow anaerobically in De Man, Rogosa
and Sharp medium (MRS) at 37 °C for 24 h, and yeast cul-
tures were allowed to grow aerobically in Yeast Peptone
Dextrose medium (YPD) at 24 h 30 °C incubation.

2.2 Preparation of sourdough samples

Sourdough samples were prepared by making several mod-
ifications in the method specified by (Xu et al., 2019).
Briefly, 10 gram of flour was weighed and 10 mL of mi-
croorganism culture (5 mL yeast + 5 mL LAB) was added
and mixed and left to ferment at 30 °C for 24 h. Chemi-
cally acidified dough (acidified to pH 3.5 by acetic acid
addition (0.27 % (v/w)) was fermented under the same
fermentation conditions. Then, for the II phase of fermen-
tation, 20 g of wheat flour, 20 g of sterile water and 10 g of
sourdough (in the I phase of fermentation) were used and
left to ferment again at 30 °C for 1.5 h. Sourdough pre-
pared in combination and their codes are given in Table 1.

2.3 Making sourdough breads

For the making of sourdough breads after the 2" fermen-
tation, 70 g of wheat flour, 30 g of water, 1.85 g of salt,
0.5 g of commercial yeast, 60 g of II phase sourdough
were used. For the comparison of breads, dough without
sourdough was used as a control. The doughs were mixed
for 8 minutes and left at room temperature for 15 minutes,
then rested for 45 minutes, 25 °C by shaping. The oven
temperature for bread was set at 190 °C, 30 minutes.
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Table 1: Sourdough codes and combined starters.

Sourdough

Combined starters
codes

Saccharomyces cerevisiae 06B-39 +

A Lactiplantibacillus plantarum 45SMK-30
B Saccharomyces cerevisiae 06B-39 +
Limosilactibacillus fermentum 29GT-19
C Kazachstania humilis KCO-60 +
Lactiplantibacillus plantarum 45MK-30
D Pichia membranifaciens 11G-11 +
Lactiplantibacillus plantarum 45MK-30
E Pichia membranifaciens 11G-11 +
Limosilactibacillus fermentum 29GT-19
. Kazachstania humilis KCO-60 +

Limosilactibacillus fermentum 29GT-19

2.4 Determination of the cell density, pH and TTA
(titratable acidity) values in sourdough

Microorganism count, pH and TTA values of sourdoughs
were determined. For microorganism count, 5 g of sam-
ple was taken and 45 mL of sterile physiological saline
(0.85 % v/v) was added. Subsequently, serial dilutions
were prepared and inoculated on MRS and YPD agar with
the spot method (20 pL for each spot). The MRS agar
plate was incubated at 37 °C for 24 h, and the YPD agar
plate at 30 °C for 48 h. Results are given as log CFU/g.
In order to determine the pH and TTA values, 1 g of sam-
ple was weighed and homogenized with 18 mL of sterile
distilled water and measured with a pH meter. For TTA,
it was titrated with 0.1 N NaOH until pH 8.5.

2.5 Determination of viscoelastic properties of
sourdoughs by rheometer

For the determination of viscoelastic properties, the sour
dough co-cultured with starters were determined before
making bread after 24 h fermentation. For the determi-
nation of rheological properties of dough, the method
described by Alkay et al. (2022) was used. Briefly, Ampli-
tude sweep test was applied in strain range of 0.1-100 Pa,
25 °C and 10 rad/s and determination of linear viscoelastic
region. And then Frequency sweep test was performed
from 10 to 100 rad/s at %0.5 strain and 25 °C. It is ex-
pressed as storage (G') and loss modulus (G”).

2.6 Texture profile analysis

After baking, the breads were left to rest for 1 hour and
then TA.XTPlus model texture analyzer (Stable Micro
System Co., Ltd., Surrey, England) device was used to
determine the textural properties. The breads were cut as
2.5 cm and measured. Measurement parameters were used
according to the method adapted by Alkay et al. (2020).

2.7 Profiles of volatile constituents in breads
with HS-GC / MS

Gas chromatography-mass spectrometry was carried out

using GCMS-QP2010 gas chromatography mass spec-

trometry system (Shimadzu, Milan, Italy) for determina-
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tion of volatile components in breads. For this, 2 g of
sample was transferred to 20 mL head space vials. For
Headspace autosampler parameters, incubation temper-
ature was set as 60 °C, incubation time as 7 minutes,
agitation speed of 250 rpm, Helium flow rate as 1 mL/min.
For the MS program, the injector temperature was used
as 250 °C, mode 35-350 m / z range. In the GC-MS ana-
lyzes, A Restec (Bellefonte, USA) Rtx-5MS fused silica
capillary column (30 m x 0.25 mm (internal diameter)
0.25 um) was used for chromatographic separation.

2.8 Statistical Analysis

One-way analysis of variance (ANOVA) was used to de-
termine the differences between co-cultured strains. JMP
version 9 was used for this purpose. The calculation was
given as mean =+ standard deviation.

3. Results

3.1 Counting of cells, pH and TTA values

The amount of cells, pH and TTA values in the sourdoughs
in the I and II phases of fermentation were given (Table 2).
It can be said that the LAB and yeast counts of the sour-
doughs in the I phase of fermentation are approximately
the same between each other. LAB and yeast counts de-
creased in all doughs in II phase of fermentation. C and F
coded sourdoughs had the same LAB count (8.61 CFU/g)
in the I phase, while there was a significant decrease in the
C coded sourdough (Kazachstania humilis KCO-60 + Lpb.
plantarum 45MK-30) in the II phase. LAB and yeast are
very important in food processing. During fermentation,
LABs were in the predominant form and outnumbered
yeast as they were responsible for acid production (Ewu-
oso et al., 2020). Another important parameter in our
study is pH and TTA values. The pH values of the I stage
of the sourdough fermentation were close to each other
and ranged from 4.25 to 5.51. These values decreased in
the II phases of fermentation and varied between 4.11 -
4.96. As the fermentation proceed, there was a decrease
in pH values. It was observed that the sourdoughs had
similar pH values. The acidity level of sourdough is impor-
tant for the flavor and inhibitory activity of LAB against
rop formation and other spoilage factors (Corsetti and
Settanni, 2007). It was observed that the of TTA values
increased as the pH value decreased. While the TTA val-
ues in the I stage were between 0.36 - 0.76, in the II stage
these values changed between 0.38 - 0.81. The predomi-
nant metabolite in lactic acid fermentation is lactic acid,
as well as acetic acid can contribute to acidification. In
many other studies, there is a symbiotic relationship be-
tween yeast and LABs in fermented foods. While yeasts
produce vitamins to support the development of LABs,
LABs produce acids for the growth of yeasts (Odunfa and
Adeyele, 1985; Ewuoso et al., 2020). When our results
were evaluated in general, it was seen that the dough be-
longing to the yeast strain Saccharomyces cerevisiae (1
phase) exhibited higher pH value. The lowest pH value
in both phases was observed in Pichia membranifaciens
yeast cultured dough. Karaman et al. (2018) created a
combination between yeast and LAB in sourdoughs in
their study. They also indicate that the highest pH drop
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occurs in sourdough containing strains of P. membranifa-
ciens + Lb. brevis. Whereas the sourdough belonging to
the highest pH value is S. cerevisiae + P. membranifaciens.
These parameters were parallel to our results.

3.2 Textural properties

In the study, properties such as hardness, springiness,
cohesiveness, gumminess, chewiness and resilience of
sourdough breads prepared with combinations of starters
were examined (Table 3). It is seen that the hardness
levels of sourdough breads are close. However, the E
coded sourdough bread (Pichia membranifaciens 11G-11
+ Limosilactibacillus fermentum 29GT-19) had the highest
hardness. It is seen that there is a parallelism between
gumminess and chewiness values. The sourdough bread
of Pichia membranifaciens yeast strain had the highest
chewiness values among sourdoughs. There was no sig-
nificant difference in springiness among all sourdough
breads associated with resilience (Carocho et al., 2020;
Jin et al., 2021). Physicochemical changes such as acidifi-
cation by LAB, microbial hydrolysis of starch and prote-
olysis effect in sourdough cause some changes in bread.
This delay both bread hardness and staling (Corsetti et al.,
2000).

Interactions between yeasts and lactobacilli are im-
portant for the metabolic activity of sourdoughs (Pouta-
nen et al., 2009; Akinola et al., 2020). It is known that
the production of organic acids (lactic, acetic), ethanol,
the production of aroma compounds, bacteriocins, and
metabolites such as exopolysaccharides by the LAB im-
proves the texture by extending the shelf life of bread
(Ewuoso et al., 2020).

3.3 Determination of volatile compounds by HS-
GC / MS analysis

Sourdough fermentation can contribute to the flavor and
aroma of baked bread (Kim et al., 2009; Wu et al., 2012;
Yang et al., 2020). In our study, HS / GC-MS analysis
was applied to evaluate the volatile compounds of sour-
dough bread prepared by co-culture sourdough and flat
dough bread (no sourdough). The profiles of volatile com-
pounds in percentage by GC / MS are given in Fig. 1.
A total of 54 compounds in breads were determined by
comparison with the mass spectra in the GC-MS library.
When the sourdough breads made by co-cultivation were
compared with the bread made with flat dough (with-
out sourdough), it was observed that the ethanol content
was higher. The highest ethanol production was in B
and F code breads. In general, it can be said that all
three yeast cultures are high alcohol producers. Besides
ethanol, 1-hexanol (fruity odor and aromatic flavor), 1-
heptanol (fragrant, woody, heavy, oily, faint, aromatic,
fatty odor, and a pungent, spicy taste), 1-octanol (fresh,
orange-rose odor Compounds such as 1-nonanol (fresh,
orange, rose), phenylethyl alcohol (rose-like odor), and 2-
methyl-1-butanol (cooked, roasted aroma with fruity or al-
coholic undernotes) were also present in breads (Menezes
et al., 2018). Another compound commonly produced by
yeasts is Phenylethyl alcohol, which releases rose aroma
(Longo and Sanroman, 2006). This alcohol was detected
in all breads except B and CY. Looking at the results,
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Table 2: The result of cell density, pH and TTA values of microorganisms in the I and II phase of sourdough fermentation.

Code of samples I Phase II Phase I Phase II Phase
(log CFU / g) (log CFU / g)
Lab Yeast Lab Yeast TTA (% TTA (70
lactic acid) lactic acid)
A 8.614 681B 8.13B 6858  5.34B 0.36 4.964 0.38
B 8.66% 6.84B 8324B  609C 5514 0.43 422D 0.81
C 8.614 8.12%4 7.69¢ 7.62%4  4.70C 0.76 4.51B 0.7
D 8.27¢ 8.054 8.11B  7.674  425F 0.43 4.24CP 0.42
E 8478 8.114 8.37AB  7.24AB 4 30DE 0.68 411F 0.78
F 8.614 7.098 8514 6.20¢ 4.35P 0.58 4.26° 0.52
CA - - - - 3.56" 8.78 3.72F 4.05

*Within the column, the letters indicates that there is significant differences between the strains (p < 0.05).
A: Saccharomyces cerevisiae 06B-39 + Lpb. plantarum 45MK-30, B: Saccharomyces cerevisiae 06B-
39 + Lim. fermentum 29GT-19, C: Kazachstania humilis KCO-60 + Lpb. plantarum 45MK-30, D:
Pichia membranifaciens 11G-11 + Lpb. plantarum 45MK-30, E: Pichia membranifaciens 11G-11 +
Lim. fermentum 29GT-19, F: Kazachstania humilis KCO-60 + Lim. fermentum 29GT-19, CA (Control):
Chemically acidified.

Table 3: Determination of texture profiles of breads.

Iig?: Hardness (N)  Springiness Cohesiveness Gumminess Chewiness Resilience
A 2.37PE 0.97A 0.854 190.03P 179.5€ 0.55B
B 2.53DE 1.514 0.874 219.98¢P 332.5€ 0.57AB
C 2.04PE 1.394 0.884 168.82P 246.6 0.59AB
D 2.68P 1.254 0.85% 229.54¢P 290.02€ 0.56"B
E 4.61€ 0.924 0.854 394.17€ 364.38€ 0.558
F 1.27E 1.314 0.884 112.51P 147.35FC 0.57AB
CA 18.564 0.864 0.894 1653.124 1419.764 0.634
CY 9.54B 0.914 0.86% 821.558 754.268 0.558

*Within the column, the letters indicates that there is significant differences between the strains (p < 0.05).
A: Saccharomyces cerevisiae 06B-39 + Lpb. plantarum 45MK-30, B: Saccharomyces cerevisiae 06B-
39 + Lim. fermentum 29GT-19, C: Kazachstania humilis KCO-60 + Lpb. plantarum 45MK-30, D:
Pichia membranifaciens 11G-11 + Lpb. plantarum 45MK-30, E: Pichia membranifaciens 11G-11 +
Lim. fermentum 29GT-19, F: Kazachstania humilis KCO-60 + Lim. fermentum 29GT-19, CA (Control):
Chemically acidified, CY: Flat dough without sourdough.

the acid aroma component of sourdough fermented by
Lpb. plantarum was relatively high. Since this species is
heterofermentative, it produces acid through glycolysis
fermentation. More than one volatile compound can be
formed in fermentation by yeast and LAB. Studies have
shown that ethanol produced by S. cerevisiae causes a
strong alcoholic aroma in sourdough (Farahmand et al.,
2020). Another compound by S. cerevisiae is 3-methyl1-
butanol and phenylethyl alcohol. These compounds are
formed via the Ehrlich pathway and these are derived from
leucine, phenylalanine, respectively (Yang et al., 2020).
Another important point in the results was that the com-
pounds I-limonene, isopropyl myristate, 3-p-menthanol,
n-decanal, dioctyl phthalate were seen only in A sour-
dough bread (S. cerevisiae + Lpb. plantarum). Isopropyl
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myristate fatty acid ester has been reported to exhibit high
toxicity to major gram-negative microorganisms (Cardoso
et al., 2000).

It has been emphasized that the quality and quan-
tity of volatile compounds are affected by some factors.
These factors can be physical, chemical and biological.
Among them, it has been stated that the physical ones af-
fect the food and oxygen accessibility of microorganisms.
Therefore, the rate of formation of volatile metabolites
is affected by the sample particle size of the substrate
(Parsazad et al., 2020). In addition, it is known that sev-
eral chemical factors such as carbon and nitrogen level
significantly affect the production of aroma during fer-
mentation (Irfan et al., 2016; Farahmand et al., 2021) and
it has been stated that microorganisms play an important
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Figure 1: Profile of the volatile compounds in sourdough bread. A: Saccharomyces cerevisiae 06B-39 + Lpb. plantarum
45MK-30, B: Saccharomyces cerevisiae 06B-39 + Lim. fermentum 29GT-19, C: Kazachstania humilis KCO-60 + Lpb.
plantarum 45MK-30, D: Pichia membranifaciens 11G-11 + Lpb. plantarum 45SMK-30, E: Pichia membranifaciens
11G-11 + Lim. fermentum 29GT-19, F: Kazachstania humilis KCO-60 + Lim. fermentum 29GT-19, CY: Flat dough

without sourdough.

role in the formation of aromatic precursors that create
aroma in food products through microbial or enzymatic
reactions (Suo et al., 2020). Also, yeast strains are im-
portant in the formation of aroma profiles in bread (Birch
et al., 2013). In our study, it was observed that combi-
nations of LAB and yeast in sourdough breads prepared

with selected starters significantly affected the production
of volatile compounds and aromatic flavor of the breads.
It can be said that these combinations improve the quality
of bread compared to bread without sourdough.
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Figure 2: Rheological behavior of dough. A: Saccharomyces cerevisiae 06B-39 + Lpb. plantarum 45MK-30, B:
Saccharomyces cerevisiae 06B-39 + Lim. fermentum 29GT-19, C: Kazachstania humilis KCO-60 + Lpb. plantarum
45MK-30, D: Pichia membranifaciens 11G-11 + Lpb. plantarum 45MK-30, E: Pichia membranifaciens 11G-11 + Lim.
fermentum 29GT-19, F: Kazachstania humilis KCO-60 + Lim. fermentum 29GT-19, CY: Flat dough without sourdough.

3.4 Viscoelastic property

The rheological properties of wheat doughs containing
type II sourdough prepared using different starters after 24
hours of fermentation are given in Fig. 2. While the elastic
modulus (G, storage) determines the elastic property of
a material, the loss modulus (G") determines its viscose
property. It was found that G’, G” values of sourdoughs
prepared with co-cultures varied. All of the results were
G' > G and their viscous behavior decreased with fer-
mentation. In contrast, elastic behavior increased. The
rheological properties of sourdoughs were evaluated by
comparison with the CA (chemically acidified) control
dough. Figure 2 shows that elasticity is higher for the
control than for the doughs with sourdough.

Many factors can affect the rheology of the dough. At
the beginning of the mixing process, the proteins form
the gluten network and the starch granule absorbs the wa-
ter. These affect dough rheology (Wehrle et al., 1997;
Voinea, 2020). Because starch granules are reported to be
dispersed within the network of gluten proteins. Essen-
tially, it is stated that the gluten network is responsible for
the viscoelastic properties, although starch is important
(Cappelli et al., 2020). Chemical and physical changes in
the gluten network affect the rheological properties. With
the progress of fermentation, the protein matrix degrades,
making it less flexible (Yildirim-Mavis et al., 2019). An-
other factor affecting dough rheology is pH. The change
in pH as a result of lactic acid production affects dough
rheology (Yildirim-Mavis et al., 2019). The decrease
in pH values during fermentation causes partial starch
degradation. Besides, enzymatic activity increases pro-
tease activity and causes weakening of the gluten network
(Clarke et al., 2004). On the other hand, it can be said that
metabolites accumulate in the dough matrix during the
fermentation process and these cause rheological changes.
It can be assumed that this rheological behavior is due
to the microstructure of the change dough (Alpers et al.,
2020). In some studies, it has been said that the effect of
yeast on rheological properties is similar to that of H,O5.
This effect is mainly due to the production of H,O; by
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yeasts. In addition, yeasts make the dough more elas-
tic (Mirsaeedghazi et al., 2008). Besides, CO, produced
during fermentation lowers the pH by dissolving in wa-
ter and thus affects the rheology of the fermented dough
(Spies, 1990; Mirsaeedghazi et al., 2008). Other com-
pounds produced by yeast (glutathione, glycerol, pyruvic
acid) weakens the gluten network. Thus, it contributes to
the texture of the bread (Hernandez-Parada et al., 2022).
Besides, organic acids such as acetic and lactic acid pro-
duced by lactobacilli significantly affect the rheological
properties of sourdoughs, such as dough gas retention
and elasticity of the gluten network (Zaib-Un-Nisa et al.,
2016).

Based on the rheological results, it is observed that the
modulus values increase with increasing frequency. Rheo-
logical measurements were made to determine how each
microorganism used in the study affects the viscoelastic
properties of the dough. G’ was greater than the G’ modu-
lus in all analyzed doughs. The results presented in Fig. 2
show that the sourdough samples are less elastic. This
decrease can be attributed to the effect of the pH drop, and
the changes that might occur between protein and starch
molecules.

4. Conclusions

The parameters of the mixture of LAB and yeast starters
on sourdough and sourdough bread were observed. Since,
the use of sourdough is important in terms of increasing
the shelf life and nutritional value of the bread and im-
proving its organoleptic properties. As a result of the
data obtained, the interactions between the yeast and LAB
combination caused a change in the sourdough. The use
of these sourdoughs in wheat dough caused to exhibit elas-
tic properties of the samples. In addition, it was observed
that the breads provided a softer texture and had more
aroma compounds and increased the bread baking qual-
ity. A strategic combination of Pichia membranifaciens
11G-11 + Lim. fermentum 29GT-19 could give a desirable
fermentation with improved nutrient quality if carried out
under controlled conditions. Further studies show that
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the combination of these types can be used in the bakery
industry. However, it may need to be carried out under
controlled conditions. Thus, the potential advantages of
sourdough bread can be exploited, because it has shown
that LAB and yeast have significant effects on volatile
components and rheological properties of breads.
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